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(54) MANUFACTURE OF CRYSTALLINE THIN FILM 

(57)Abstract 

PURPOSE: To provide a method of forming a thin film having a 
crystal structure, which is superior in orientation property, in a short 
time. 

CONSTITUTION: A titanium crystal substance 7 having a superior 
orientation property is formed on the upper surface of a substrate 5 
and thereafter, after a titanium crystalline thin film 9 is grown on the 
film formation condition of a quick growth rate, a titanium crystalline 
thin film 3 which maintains the superior orientation property of the 
crystal substance 7 can be formed in a short time. A platinum thin 
film 11 and a PZT thin film 17 are formed on the upper surface of the 
thin film 3 in the order of these thin films 1 1 and 17. At this time, the 
thin film 17 has a superior crystal structure inheriting the superior 
orientation property of platinum without being peeled from the 
substrate by the thin film 3. 
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1. This document has been translated by computer.So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The crystalline thin-film^-fabrication method which is the manufacture method of the crystalline thin film in 
manufacture of a semiconductor device, and is characterized by forming the second film on the early membrane formation 
conditions of a growth rate after forming the first film which has the crystal structure excellent in the stacking tendency. 
[Claim 2] The crystalline thin-film-fabrication method characterized by the first film and the second film being films of the 
same composition in the crystalline thin-film-fabrication method of a claim 1. 

[Claim 3] The crystalline thin-film-fabrication method characterized by the first film being a platinum film in the crystalline 
thin-film-fabrication method of a claim 1. 

[Claim 4] The crystalline thin-film-fabrication method which is the manufacture method of the crystalline thin film in 
manufacture of a semiconductor device, and is characterized by forming the membrane formation considered as hope on 
the early membrane formation conditions of a growth rate after growing up the seed crystal excellent in the stacking 
tendency in the state where it dissociated. 

[Claim 5] The crystalline thin-film-fabrication method characterized by the aforementioned seed crystal and the thin film 
of hope being the same composition in the crystalline thin— fi I m-fabri cation method of a claim 4. 

[Claim 6] The crystalline thin-film-fabrication method characterized by the aforementioned seed crystal being a platinum 
film in the crystalline thin-film-fabrication method of a claim 4. 

[Claim 7] The manufacture method of the crystalline thin film in manufacture of a semiconductor device characterized by 
providing the following. The process which a titanium crystal is grown up on the early membrane formation conditions of a 
growth rate, and forms titanium membrane formation of the thickness of choice after forming the titanium crystalline 
excellent in the stacking tendency in the prepared substrate upper surface. The process which forms a platinum thin film 
in the aforementioned titanium thin film upper surface, and the process which grows up a ferroelectric thin film into the 
aforementioned platinum thin film upper surface. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to improvement in the stacking tendency in the case of being quick of 

especially a growth rate about the manufacture method of a crystalline thin film. 

[0002] 

[Description of the Prior Art] Various crystalline thin films are used for the semiconductor device. In these thin films, the 
crystal structure which was generally excellent in the stacking tendency is required. 

[0003] For example, the manufacture method of the crystalline thin film of a large number by which a laminating is carried 
out on the gate of the memory cell of a nonvolatile semiconductor memory (especially ferroelectric nonvolatile storage) is 
explained as the manufacture method of a crystalline thin film. A ferroelectric nonvolatile storage uses for a storage 
means the remanence nature and polarization parity which a ferroelectric thin film has. In addition, remanence nature is 
one of the membranous properties, and means the property to remain even if a film polarizes and this polarization removes 
electric field, when electric field are impressed to the film. Moreover, polarization parity is also one of the membranous 
properties, and the electric field impressed in order to carry out polarization of the film mean the property in which a 
membranous polarization state changes to an opposite direction, by impressing the electric field of opposite direction. 
[0004] The structure of the memory cell of a ferroelectric nonvolatile storage is shown in drawing 4 . The laminating of the 
titanium thin film 31, the platinum thin film 33, the thin film 35 of ferroelectricities (PZT etc.), and the control electrode 37 
is carried out to this order on the gate of a substrate 29 in which the source 25 and the drain 27 were formed. 
[0005] It is based on the flow of the manufacturing process of a memory cell, and the manufacture method of each above- 
mentioned thin film is explained below. A cross-section block diagram shows the manufacturing process of a memory cell 
to drawing 5 . 

[0006] As shown in A of drawing 5 , the crystalline thin film 31 of C shaft stacking tendency <001> of titanium is formed in 
the P type silicon-substrate 29 upper surface where the isolation process was given by the electron-beam-evaporation 
method. In this case, as for an electron-beam-evaporation method, it is good to carry out on condition that the following. 
300-500 degrees C and electron gun power make temperature 180-300W. In addition, when growing up a titanium crystal 
on condition that the above in this process, about ten minutes is taken to form the titanium thin film 31 of the thickness 
(about 50nm) of hope. 

[0007] Next, as shown in drawing 5 B, the platinum thin film 33 is formed in the upper surface of the titanium thin film 31 
by CVD. Next the PZT thin film 35 which is a ferroelectric thin film is formed in the upper surface of the platinum thin film 
33 about 50nm of thickness with a sol-gel method. In this sol-gel method, a sol solution is adjusted first. Next, an adjusted 
sol solution is applied by the spin coat method, and it dries. Next, it is made to sinter on 700 degrees C and the conditions 
for 20 seconds among oxygen atmosphere. It is made to obtain the thickness of choice by repeating the above application 
and dryness / sintering processes two or more times. > 

[0008] In addition, the titanium thin film 31 is formed in order to prevent ablation with a substrate 29 and the platinum thin 
film 33. Moreover, a platinum crystal has a priority stacking tendency. A priority stacking tendency says the property in 
which a crystal with the stacking tendency grows, irrespective of the crystallinity of a ground. Therefore, a platinum film 
has the crystal excellent in the stacking tendency irrespective of the crystallinity of a ground. However, since it is made to 
form a platinum thin film after the platinum thin film 33 forms in the substrate 29 upper surface the titanium thin film 31 
which was excellent in the stacking tendency as mentioned above, it can form the platinum thin film 33 which was further 
excellent in the stacking tendency. Therefore, the ferroelectric thin film 35 excellent in crystallinity was able to be formed 
by using as a ground the platinum thin film 33 which was excellent in this stacking tendency as mentioned above. 
[0009] In addition, next, as shown in drawing 6 , after forming a control electrode 37 in the upper surface of the 
ferroelectric thin film 35, the crystalline titanium thin film 31, the platinum thin film 33, the PZT thin film 35, and a control 
electrode 37 are fabricated by using a resist as a mask and **********irtg. next, the control etectrode 37 — a mask — 
carrying out — an arsenic or Lynn — an ion implantation — and thermal diffusion is carried out and n+ type source layer 
25 and n+ type drain layer 27 are formed 

[0010] In the memory cell 1 formed as mentioned above, by impressing electric field VP between a substrate 29 and a 
control electrode 37, a ferroelectric thin film is polarized in the electric-field VP direction, and even if it removes electric 
field VP, polarization remains. On the other hand, in electric f\'e\4 VP, by impressing the electric field VQ of opposite 
direction between substrate 29 and a control electrode 37, polarization of a ferroelectric thin film is reversed in the 
electric-field VQ direction, and even if it removes electric field VQ, polarization remains. 

[0011] Therefore, a memory cell 1 can memorize information by using the above remanences of a ferroelectric thin film, 



and the property of polarization reversal. 

[0012] j J 

[Problem(s) to be Solved by the Invention] However, there were the following troubles in the conventional crystalline thin- 
film-fabrication; method. ! 

[0013] As mentioned above, in order to manufacture the titanium thin film 31, the platinum thin film 33, and PZT thin film 
35 grade excellent in the stacking tendency, the crystal needed to be grown up on specific membrane formation 
conditions. On jthe specific membrane formation conditions that the crystal excellent in the stacking tendency can 
generally be grown up, the growth rate was slow. 

[0014] Therefore, in order to obtain the thin film excellent in the stacking tendency, most time was required from crystal- 
growth speed being slow. Especially, it had become a problem when thickness was thick. 

[001 5] Therefore, although this invention solved the above-mentioned problem and shortened formation time, it is offering 

the method of forming the thin film which has the crystal structure excellent in the stacking tendency. 

[0016] 

[Means for Solving the Problem] After the manufacture method of the crystalline thin film concerning a claim 1 forms the 
first film which has the crystal structure excellent in the stacking tendency, it is characterized by forming the second film 
on the early membrane formation conditions of a growth rate. 

[0017] The crystalline thin-film-fabrication method concerning a claim 2 is characterized by the first film and the second 
film being films of the same composition. 

[0018] The crystalline thin-film-fabrication method concerning a claim 3 is characterized by the first film being a platinum 
film. 

[0019] After the manufacture method of the crystalline thin film concerning a claim 4 grows up the seed crystal excellent 
in the stacking tendency in the state where it dissociated, it is characterized by forming the membrane formation 
considered as hope on the early membrane formation conditions of a growth rate. 

[0020] The crystalline thin-film-fabrication method concerning a claim 5 is characterized by the aforementioned seed 
crystal and the thin film of hope being the same composition. 

[0021] The crystalline thin-film-fabrication method concerning a claim 6 is characterized by the aforementioned seed 
crystal being a platinum film. 

[0022] After the crystalline thinHilm-fabrication method concerning a claim 7 forms the titanium crystalline excellent in 
the stacking tendency in the prepared substrate upper surface, it grows up a titanium crystal on the early membrane- 
formation conditions of a growth rate, and is characterized by to have the process which forms titanium membrane 
formation of the thickness of choice, the process which forms a platinum thin film in the aforementioned titanium thin film 
upper surface, and the process which grows up a ferroelectric thin film into the aforementioned platinum thin film upper 
surface. 
[0023] 

[Function] After forming the first film excellent in the stacking tendency, it is made to grow up a crystal into the first film 
upper surface on the early membrane formation conditions of a growth rate by the crystalline thin-film-fabrication method 
concerning a claim 1, a claim 2, and a claim 3. 

[0024] Therefore, the first film can be committed as a ground excellent in the stacking tendency, and the second film 
which was excellent also in the early membrane formation conditions of a growth rate at the stacking tendency can be 
grown up. 

[0025] After growing up the seed crystal excellent in the stacking tendency in the state where it dissociated, it is made to 
grow up a crystal on the early membrane formation conditions of a growth rate 6n the aforementioned seed crystal by the 
manufacture method of the crystalline thin film concerning a claim 4, a claim 5, and a claim 6. 

[0026] Therefore, the aforementioned seed crystal can be committed as a ground excellent in the stacking tendency, and 
can grow up the second film which was excellent also in the early membrane formation conditions of a growth rate at the 
stacking tendency. 

[0027] After forming the titanium crystalline excellent in the stacking tendency in the prepared substrate upper surface, a 
titanium crystal is grown up on the early membrane formation conditions of a growth rate, and it is made to form titanium 
membrane formation of the thickness of choice by the manufacture method of the crystalline thin film concerning a claim 
7. 

[0028] Therefore, the aforementioned titanium crystalline can be committed as a ground excellent in the stacking 
tendency, and can grow up the titanium membrane formation which was excellent also in the early membrane formation 
conditions of a growth rate at the stacking tendency. 

[0029] Moreover, it is made to form a platinum thin film in the aforementioned titanium thin film upper surface. 
[0030] Therefore, although platinum has the priority stacking tendency originally, the platinum thin film which was further 
excellent in the stacking tendency can be grown up by working as a ground the aforementioned titanium thin film excelled 
[ ground ] in the stacking tendency. Moreover, the aforementioned titanium thin film has adhesion in both the 
aforementioned substrate and the aforementioned platinum thin film. 

[0031] It is made to grow up a ferroelectric thin film into the aforementioned platinum thin film upper surface. 

[0032] Therefore, when the aforementioned platinum thin film which was further excellent in the stacking tendency works 

as a ground, the ferroelectric thin film excellent in the stacking tendency can be grown up. 

[0033] j j- 

[Example] It is [based on the manufacturing process of a memory cell 1, and the (manufacture method of the crystalline thin 
film by which a' laminating is carried out on the gate of the memory cell 1 of a ferroelectric nonvolatile storage as one 



example using the crystalline thih-film-fabrication method concerning this invention is explained below. A cross-section 
block diagram shows a manufacturing process to drawing 1 A, B, and C, drawing 2 A and B, and drawing 3 . 
[0034] As shown in drawing 1 A,;in order to form a memory cell 1, a silicon wafer 5 is prepared first. 
[0035] Next, as shown in drawing 1 B and C, the titanium crystallinity thin film 3 of C shaft stacking tendency <001> is 
formed in the upper surface of a] silicon wafer 5 by the electron-beam-evaporation method. In this case, on different 
conditions as follows, an electron-beam-evaporation method is divided into two processes, and is] performed. At the first 
first process, temperature is made into 300 degrees C to 400 degrees C, for example, 350 degrees C, electron gun power 
is set as 180-300W, and the titanium crystalline 7 is grown up until thickness is set to about several nm as the first film. 
At the second following process, temperature is made into 500 degrees C to 600 degrees C, for example, 550 degrees C. 
electron gun power is set as 180-300W, the titanium crystallinity thin film 9 is grown up as the second film, and the 
titanium crystallinity thin film 3 of the thickness (about 50nm) of choice is obtained. 

[0036] In addition, a growth rate is slow although the titanium crystal of C shaft stacking tendency <001> excellent in the 
stacking tendency can be grown up in the titanium crystal growth by the temperature conditions (350 degrees C) of the 
first process. Moreover, when growing up a titanium crystal on the temperature conditions (550 degrees C) of the second 
process, although a growth rate is early, the titanium crystal of <011> orientation usually grows. However, the titanium 
crystal of C shaft stacking tendency <001> can be grown up also on the temperature conditions of the second process by 
performing the second process following the first process in this example with an early growth rate. Therefore, the 
titanium crystallinity thin film 3 (about 50nm of thickness) of C shaft orientation <001> which was excellent in several 
minutes at the stacking tendency can be formed in the upper surface of a silicon wafer 5. 

[0037] In addition, it is also good to form the seed crystal excellent in the stacking tendency in the state where it 
dissociated, in this example, although the titanium crystalline 7 is forming membranes to about several nm thickness as the 
first film instead. The titanium crystallinity thin film of C shaft stacking tendency <001> excellent in the stacking tendency 
can be formed in the upper surface in spite of the membrane formation conditions the crystal of <011> orientation grows 
up to be also in this case. 

[0038] Moreover, in this example, although composition is growing up the second same film on the first film or seed 
crystal, the crystal of different composition as the second film can also be grown up. 

[0039] Next, as shown in drawing 2 A, the platinum thin film 11 of <111> orientation is formed in the upper surface of the 
titanium crystallinity thin film 3 by CVD. In addition, the crystal excellent in the stacking tendency grows by carrying out 
priority orientation of the platinum irrespective of a ground originally. However, in this example, since platinum is grown up 
after forming as a ground the titanium crystallinity thin film 3 of C shaft stacking tendency <001> near the distance 
between grids of the platinum which has <111> orientation, the grown-up crystal of platinum shows a still better stacking 
tendency. 

[0040] Moreover, ablation of the platinum thin layer 11 from a silicon wafer 5 can be prevented by having formed the 
titanium thin film 3 between the silicon wafer 5 and the platinum thin film 1 1 at this time. 

[0041] Next, as shown in drawing 2 A, the P2T thin film 13 which is a ferroelectric thin film is formed in the platinum thin 
film 1 1 upper surface by the sol-gel method. Here, the formation method of the PZT thin film by this sol-gel method is 
performed as follows. 

[0042] First, a sol solution is adjusted. A sol solution is adjusted to the mole ratio of Pb:ZrTi=1:0.58:0.48 in PZT. 
[0043] Next, after applying a sol solution adjusted in the bottom of the conditions of 3000rpm by the spin coat method and 
drying on 100 degrees C and the conditions for 15 minutes, use the equipment of RTA (Rapid Thermal Anneeling), it is 
made to sinter on 750 degrees C and the conditions for 20 seconds among oxygen atmosphere, and the PZT thin film 13 
of about 50nm of thickness is formed. 

[0044] As mentioned above, after forming the platinum thin film 1 1 as the first film in this example, it is made to form the 
PZT thin film 13 which is a crystalline thin film as the second film. Therefore, the PZT thin film 13 which inherited the good 
stacking tendency of the platinum thin film 1 1 can be formed. 

[0045] In addition, it is also good to form the platinum seed crystal in the state where it dissociated which was excellent in 
the stacking tendency instead of the platinum thin film. The PZT thin film which inherited the stacking tendency of this 
platinum seed crystal also in this case can be formed. Moreover, it is better to use the seed crystal in the state where it 
dissociated without forming membranes in the meaning of lessening as the unnecessary component has come out, when 
not directly related to the function of an element like this platinum crystal. 

[0046] Furthermore, the PZT thin film 15 is grown up into the PZT thin film 13 upper surface by the magnetron sputtering 
method (610 degrees C of temperature conditions), and the PZT thin film 17 of 200nm of thickness is formed. 
[0047] As mentioned above, in this example, the PZT thin film 17 is divided into the process of two times, and is formed 
(with option). After forming the PZT thin film excellent in the stacking tendency which inherited the stacking tendency of a 
platinum thin film with the first sol-gel method as the first film, the sputtering method is used, a PZT crystal is grown up 
as the second film, and thickness of the PZT thin film 17 is set to 200nm. 

[0048] In addition, next after making the platinum thin film 19 deposit on the PZT thin film 17 upper surface by the 
sputtering method, the crystalline titanium thin film 8, the platinum thin film 11, the PZT thin film 17, and the platinum thin 
film 19 are fabricated by using a. resist as a mask and ********** j n g. next, the platinum thin film 19 — a mask — carrying 
out — an arsenic or Lynn — anjion implantation — and thermal diffusion is carried out and n+ type drain layer 21 and n+ 
type source layer 23 are formed! A memory cell is formed as mentioned above. 
[0049] 

[Effect of the Invention] After forming the first film excellent in the stacking tendency, it is made (to grow up a crystal into 
the first film upper surface on the early membrane formation conditions of a growth rate by the crystalline thin-film- 



fabrication method concerning a claim 1, a claim 2, and a claim 3. Therefore, the first film can be committed as a ground 
excellent in the stacking tendency, and the second film which was excellent also in the early membrane formation j 
conditions of a growth rate at the stacking tendency can be grown up. 

[0050] Therefore, the thin film which has the crystal structure excellent in the stacking tendency can be formed in] a short 
time. j 

[0051] After growing up the seed crystal excellent in the stacking tendency in the state where it dissociated, it is made to 
grow up a crystal on the early membrane formation conditions of a growth rate on the aforementioned seed crystal by the 
manufacture method of the crystalline thin film concerning a claim 4, a claim 5, and a claim 6. Therefore, the 
aforementioned seed crystal can be committed as a ground excellent in the stacking tendency, and can grow up the 
second film which was excellent also in the early membrane formation conditions of a growth rate at the stacking 1 
tendency. 

[0052] Therefore, the thin film which has the crystal structure excellent in the stacking tendency can be formed in a short 
time. 

[0053] After forming the titanium crystalline excellent in the stacking tendency in the substrate upper surface, a titanium 
crystal is grown up on the early membrane formation conditions of a growth rate, and it is made to form titanium 
membrane formation of the thickness of choice by the manufacture method of the crystalline thin film concerning a claim 
7. Therefore, the aforementioned titanium crystalline can be committed as a ground excellent in the stacking tendency, 
and can grow up the titanium membrane formation which was excellent also in the early membrane formation conditions of 
a growth rate at the stacking tendency. 

[0054] Therefore, titanium membrane formation of the thickness of choice excellent in the stacking tendency can be 
formed in a short time. 

[0055] Moreover, it is made to form a platinum thin film in the aforementioned titanium thin film upper surface. 
[0056] Therefore, although platinum has the priority stacking tendency originally, it can form the platinum thin film which 
was further excellent in the stacking tendency by working as a ground the aforementioned titanium thin film excelled 
[ ground ] in the stacking tendency. Moreover, since the aforementioned titanium thin film has adhesion in both the 
aforementioned substrate and the aforementioned platinum thin film, it can prevent exfoliation of the aforementioned 
substrate and the aforementioned platinum thin film. 

[0057] Moreover, it is made to grow up a ferroelectric thin film into the aforementioned platinum thin film upper surface. 
[0058] Therefore, when the aforementioned platinum thin film excellent in the stacking tendency works as a ground, the 
ferroelectric thin film excellent in the stacking tendency can be formed. 
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[Industrial Application] this invention relates to improvement in the stacking tendency in the case of being quick of 
especially a growth rate about the manufacture method of a crystalline thin film. 
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PRIOR ART 



[Description of the Prior Art] Various crystalline thin films are used for the semiconductor device. In these thin films, the 
crystal structure which was generally excellent in the stacking tendency is required. 

[0003] For example, the manufacture method of the crystalline thin film of a large number by which a laminating is carried 
out on the gate of the memory cell of a nonvolatile semiconductor memory (especially ferroelectric nonvolatile storage) is 
explained as the manufacture method of a crystalline thin film. A ferroelectric nonvolatile storage uses for a storage 
means the remanence nature and polarization parity which a ferroelectric thin film has. In addition, remanence nature is 
one of the membranous properties, and means the property to remain even if a film polarizes and this polarization removes 
electric field, when electric field are impressed to the film. Moreover, polarization parity is also one of the membranous 
properties, and the electric field impressed in order to carry out polarization of the film mean the property in which a 
membranous polarization state changes to an opposite direction, by impressing the electric field of opposite direction. 
[0004] The structure of the memory cell of a ferroelectric nonvolatile storage is shown in drawing 4 . The laminating of the 
titanium thin film 31, the platinum thin film 33, the thin film 35 of ferroelectricities (PZT etc.). and the control electrode 37 
is carried out to this order on the gate of a substrate 29 in which the source 25 and the drain 27 were formed. 
[0005] It is based on the flow of the manufacturing process of a memory cell, and the manufacture method of each above- 
mentioned thin film is explained below. A cross-section block diagram shows the manufacturing process of a memory cell 
to drawing 5 . 

[0006] As shown in A of drawing 5 , the crystalline thin film 31 of C shaft stacking tendency <001> of titanium is formed in 
the P type silicon-substrate 29 upper surface where the isolation process was given by the electron-beam-evaporation 
method. In this case, as for an electron-beam-evaporation method, it is good to carry out on condition that the following. 
300-500 degrees C and electron gun power make temperature 180-300W. In addition, when growing up a titanium crystal 
on condition that the above in this process, about ten minutes is taken to form the titanium thin film 31 of the thickness 
(about 50nm) of hope. 

[0007] Next, as shown in drawing 5 B, the platinum thin film 33 is formed in the upper surface of the titanium thin film 31 
by CVD. Next, the PZT thin film 35 which is a ferroelectric thin film is formed in the upper surface of the platinum thin film 
33 about 50nm of thickness with a sol-gel method. In this sol-gel method, a sol solution is adjusted first. Next, an adjusted 
sol solution is applied by the spin coat method, and it dries. Next, it is made to sinter on 700 degrees C and the conditions 
for 20 seconds among oxygen atmosphere. It is made to obtain the thickness of choice by repeating the above application 
and dryness / sintering processes two or more times. 

[0008] In addition, the titanium thin film 31 is formed in order to prevent ablation with a substrate 29 and the platinum thin 
film 33. Moreover, a platinum crystal has|a priority stacking tendency. A priority stacking tendency says the property in 
which a crystal with the stacking tendency grows, irrespective of the crystallinity of a ground. Therefore, a platinum film 
has the crystal excellent in the stacking tendency irrespective of the crystallinity of a ground. However, since it is made to 
form a platinum thin film after the platinum thin film 33 forms in the substrate 29 upper surface the titanium thin film 31 
which was excellent in the stacking tendency as mentioned above, it can form the platinum thin film 33 which was further 
excellent in the stacking tendency. Therefore, the ferroelectric thin film 35 excellent in crystallinity was able to be formed 
by using as a ground the platinum thin film 33 which was excellent in this stacking tendency as mentioned above. 
[0009] In addition, next, as shown in drawing 6 , after forming a control electrode 37 in the upper surface of the 
ferroelectric thin film 35, the crystalline titanium thin film 31, the platinum thin film 33, the PZT thin film 35, and a control 
electrode 37 are fabricated by using a resist as a mask and **********j n g. next, the control electrode 37 — a mask — 
carrying out — an arsenic or Lynn — an ion implantation — and thermal diffusion is carried out and n+ type source layer 
25 and n+ type drain layer 27 are formed 

[0010] In the memory cell 1 formed as mentioned above, by impressing electric field VP between a substrate 29 and a 
control electrode 37, a ferroelectric thin film is polarized in the electric-field VP direction, and even if it removes electric 
field VP, polarization remains. On the other hand, in electric field VP, by impressing the electric field VQ of opposite 
direction between substrate 29 and a control electrode 37, polarization of a ferroelectric thin film is reversed in the 
electric-field VQ direction, and even if rtremoves electric field VQ, polarization remains. 

[001 1] Therefore, a memory cell 1 can memorize information by using the above remanences of a ferroelectric thin film, 
and the property of polarization reversal.! \ 
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EFFECT OF THE INVENTION 



[Effect of the Invention] After forming the first film excellent in the stacking tendency, it is made to grow up a crystal into 
the first film upper surface on the early membrane formation conditions of a growth rate by the crystalline thinHilm- 
fabrication method concerning a claim 1, a claim 2, and a claim 3. Therefore, the first film can be committed as a ground 
excellent in the stacking tendency, and the second film which was excellent also in the early membrane formation 
conditions of a growth rate at the stacking tendency can be grown up. 

[0050] Therefore, the thin film which has the crystal structure excellent in the stacking tendency can be formed in a short 
time. 

[0051] After growing up the seed crystal excellent in the stacking tendency in the state where it dissociated, it is made to 
grow up a crystal on the early membrane formation conditions of a growth rate on the aforementioned seed crystal by the 
manufacture method of the crystalline thin film concerning a claim 4, a claim 5, and a claim 6. Therefore, the 
aforementioned seed crystal can be committed as a ground excellent in the stacking tendency, and can grow up the 
second film which was excellent also in the early membrane formation conditions of a growth rate at the stacking 
tendency. 

[0052] Therefore, the thin film which has the crystal structure excellent in the stacking tendency can be formed in a short 
time. 

[0053] After forming the titanium crystalline excellent in the stacking tendency in the substrate upper surface, a titanium 
crystal is grown up on the early membrane formation conditions of a growth rate, and it is made to form titanium 
membrane formation of the thickness of choice by the manufacture method of the crystalline thin film concerning a claim 
7. Therefore, the aforementioned titanium crystalline can be committed as a ground excellent in the stacking tendency, 
and can grow up the titanium membrane formation which was excellent also in the early membrane formation conditions of 
a growth rate at the stacking tendency. 

[0054] Therefore, titanium membrane formation of the thickness of choice excellent in the stacking tendency can be 
formed in a short time. 

[0055] Moreover, it is made to form a platinum thin film in the aforementioned titanium thin film upper surface. 
[0056] Therefore, although platinum has the priority stacking tendency originally, it can form the platinum thin film which 
was further excellent in the stacking tendency by working as a ground the aforementioned titanium thin film excelled 
[ ground ] in the stacking tendency. Moreover, since the aforementioned titanium thin film has adhesion in both the 
aforementioned substrate and the aforementioned platinum thin film, it can prevent exfoliation of the aforementioned 
substrate and the aforementioned platinum thin film. 

[0057] Moreover, it is made to grow up a ferroelectric thin film into the aforementioned platinum thin film upper surface. 
[0058] Therefore, when the aforementioned platinum thin film excellent in the stacking tendency works as a ground, the 
ferroelectric thin film excellent in the stacking tendency can be formed. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, there were the following troubles in the conventional crystalline thin- 
film-fabrication method. 

[0013] As mentioned above, in order to manufacture the titanium thin film 31, the platinum thin film 33. and PZT thin film 
35 grade excellent in the stacking tendency, the crystal needed to be grown up on specific membrane formation 
conditions. On the specific membrane formation conditions that the crystal excellent in the stacking tendency can 
generally be grown up, the growth rate was slow. 

[0014] Therefore, in order to obtain the thin film excellent in the stacking tendency, most time was required from crystal- 
growth speed being slow. Especially, it had become a problem when thickness was thick. 

[001 5] Therefore, although this invention solved the above-mentioned problem and shortened formation time, it is offering 
the method of forming the thin film which has the crystal structure excellent in the stacking tendency. 
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MEANS 



[Means for Solving the Problem] After the manufacture method of the crystalline thin film concerning a claim 1 forms the 
first film which has the crystal structure excellent in the stacking tendency, it is characterized by forming the second film 
on the early membrane formation conditions of a growth rate. 

[0017] The crystalline thin-film-fabrication method concerning a claim 2 is characterized by the first film and the second 
film being films of the same composition. 

[0018] The crystalline thin-film-fabrication method concerning a claim 3 is characterized by the first film being a platinum 
film. 

[0019] After the manufacture method of the crystalline thin film concerning a claim 4 grows up the seed crystal excellent 
in the stacking tendency in the state where it dissociated, it is characterized by forming the membrane formation 
considered as hope on the early membrane formation conditions of a growth rate. 

[0020] The crystaNine thin-film-fabrication method concerning a claim 5 is characterized by the aforementioned seed 
crystal and the thin film of hope being the same composition. 

[0021] The crystalline thin— film-fabrication method concerning a claim 6 is characterized by the aforementioned seed 
crystal being a platinum film. 

[0022] After the crystalline thin-film-fabrication method concerning a claim 7 forms the titanium crystalline excellent in 
the stacking tendency in the prepared substrate upper surface, it grows up a titanium crystal on the early membrane- 
formation conditions of a growth rate, and is characterized by to have the process which forms titanium membrane 
formation of the thickness of choice, the process which forms a platinum thin film in the aforementioned titanium thin film 
upper surface, and the process which grows up a ferroelectric thin film into the aforementioned platinum thin film upper 
surface. 
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OPERATION 



[Function] After forming the first film excellent in the stacking tendency, it is made to grow up a crystal into the first film 
upper surface on the early membrane formation conditions of a growth rate by the crystalline thin-film-fabrication method 
concerning a claim 1, a claim 2, and a claim 3. 

[0024] Therefore, the first film can be committed as a ground excellent in the stacking tendency, and the second film 
which was excellent also in the early membrane formation conditions of a growth rate at the stacking tendency can be 
grown up. 

[0025] After growing up the seed crystal excellent in the stacking tendency in the state where it dissociated, it is made to 
grow up a crystal on the early membrane formation conditions of a growth rate on the aforementioned seed crystal by the 
manufacture method of the crystalline thin film concerning a claim 4, a claim 5, and a claim 6. 

[0026] Therefore, the aforementioned seed crystal can be committed as a ground excellent in the stacking tendency, and 
can grow up the second film which was excellent also in the early membrane formation conditions of a growth rate at the 
stacking tendency. 

[0027] After forming the titanium crystalline excellent in the stacking tendency in the prepared substrate upper surface, a 
titanium crystal is grown up on the early membrane formation conditions of a growth rate, and it is made to form titanium 
membrane formation of the thickness of choice by the manufacture method of the crystalline thin film concerning a claim 
7. 

[0028] Therefore, the aforementioned titanium crystalline can be committed as a ground excellent in the stacking 
tendency, and can grow up the titanium membrane formation which was excellent also in the early membrane formation 
conditions of a growth rate at the stacking tendency. 

[0029] Moreover, it is made to form a platinum thin film in the aforementioned titanium thin film upper surface. 
[0030] Therefore, although platinum has the priority stacking tendency originally, the platinum thin film which was further 
excellent in the stacking tendency can be grown up by working as a ground the aforementioned titanium thin film excelled 
[ ground ] in the stacking tendency. Moreover, the aforementioned titanium thin film has adhesion in both the 
aforementioned substrate and the aforementioned platinum thin film. 

[0031] It is made to growiup a ferroelectric thin film into the aforementioned platinum thin film upper surface. 

[0032] Therefore, when the aforementioned platinum thin film which was further excellent in the stacking tendency works 

as a ground, the ferroelectric thin film excellent in the stacking tendency can be grown up. ? 
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EXAMPLE 



[Example] It is based on the manufacturing process of a memory cell 1, and the manufacture method of the crystalline thin 
film by which a laminating is carried out on the gate of the memory cell 1 of a ferroelectric nonvolatile storage as one 
example using the crystalline thin-film-fabrication method concerning this invention is explained below. A cross-section 
block diagram shows a manufacturing process to drawing 1 A. B. and C, drawing 2 A and B, and drawing 3 . 
[0034] As shown in drawing 1 A, in order to form a memory cell 1, a silicon wafer 5 is prepared first. 
[0035] Next, as shown in drawing 1 B and C f the titanium crystallinity thin film 3 of C shaft stacking tendency <001> is 
formed in the upper surface of a silicon wafer 5 by the electron-beam-evaporation method. In this case, on different 
conditions as follows, an electron-beam-evaporation method is divided into two processes, and is performed. At the first 
first process, temperature is made into 300 degrees C to 400 degrees C f for example, 350 degrees C, electron gun power 
is set as 180-300W, and the titanium crystalline 7 is grown up until thickness is set to about several nm as the first film. 
At the second following process, temperature is made into 500 degrees C to 600 degrees C, for example, 550 degrees C, 
electron gun power is set as 180-300W, the titanium crystallinity thin film 9 is grown up as the second film, and the 
titanium crystallinity thin film 3 of the thickness (about 50nm) of choice is obtained. 

[0036] In addition, a growth rate is slow although the titanium crystal of C shaft stacking tendency <001> excellent in the 
stacking tendency can be grown up in the titanium crystal growth by the temperature conditions (350 degrees C) of the 
first process. Moreover, when growing up a titanium crystal on the temperature conditions (550 degrees C) of the second 
process, although a growth rate is early, the titanium crystal of <01 1> orientation usually grows. However, the titanium 
crystal of C shaft stacking tendency <001> can be grown up also on the temperature conditions of the second process by 
performing the second process following the first process in this example with an early growth rate. Therefore, the 
titanium crystallinity thin film 3 (about 50nm of thickness) of C shaft orientation <001> which was excellent in several 
minutes at the stacking tendency can be formed in the upper surface of a silicon wafer 5. 

[0037] In addition, it is also good to form the seed crystal excellent in the stacking tendency in the state where it 
dissociated, in this example, although the titanium crystalline 7 is forming membranes to about several nm thickness as the 
first film instead. The titanium crystallinity thin film of C shaft stacking tendency <001> excellent in the stacking tendency 
can be formed in the upper surface in spite of the membrane formation conditions the crystal of <01 1> orientation grows 
up to be also in this case. 

[0038] Moreover, in this example, although composition is growing up the second same film on the first film or seed 
crystal, the crystal of different composition as the second film can also be grown up. 

[0039] Next, as shown in drawing 2 A, the platinum thin film 11 of <1 1 1> orientation is formed in the upper surface of the 
titanium crystallinity thin film 3 by CVD. In addition, the crystal excellent in the stacking tendency grows by carrying out 
priority orientation of the platinum irrespective of a ground originally. However, in this example, since platinum is grown-up 
after forming as a ground the titanium crystallinity thin film 3 of C shaft stacking tendency <001> near the distance 
between grids of the platinum which has < 1 1 1 > orientation, the grown-up crystal of platinum shows a still better stacking 
tendency. \ 

[0040] Moreover, ablation of the platinum thin layer 1i from a silicon wafer 5 can be prevented by having formed the 
titanium thin film 3 between the silicon wafer 5 and the platinum thin film 1 1 at this time. 

[0041] Next, as shown in drawing 2 A, the PZT thin film 13 which is a ferroelectric thin film is formed in the platinum thin 
film 1 1 upper surface by the sol-gel method. Here, the formation method of the PZT thin film by this sol-gel method is 
performed as follows. 

[0042] First, a sol solution is adjusted. A sol solution is adjusted to the mole ratio of Pb:ZnTi=1:0. 58:0.48 in PZT. 
[0043] Next, after applying a sol solution adjusted in the bottom of the conditions of 3000rpm by the spin coat method and 
drying on 100 degrees C and the conditions for 15 minutes, use the equipment of RTA (Rapid Thermal Anneeling), it is 
made to sinter on 750 degrees C and the conditions for 20 seconds among oxygen atmosphere, and the PZT thin film 13 
of about 50nm of thickness is formed. 

[0044] As mentioned above, after forming the platinum thin film 1 1 as the first film in this example, it is made to form the 
PZT thin film 13 which is a crystalline thin film as the; second film. Therefore, the PZT thin film 13 which inherited the good 
stacking tendency of the platinum thin film 11 can bejformed. J 
[0045] In addition, it is also good to form the platinum seed crystal in the state where it dissociated which was excellent in 
the stacking tendency instead of the platinum thin filrp. The PZT thin film which inherited the stacking tendency of this 
platinum seed crystal also in this case can be formed;.: Moreover, it is better to use the seed crystal in the state where! it 
dissociated without forming membranes in the meaning of lessening as the unnecessary component has come out, whejn 
not directly related to the function of an element like Ithis platinum crystal. 



[0046] furthermore, the PZT thin film 15 is grown up into the PZT thin film 13 upper surface by the magnetron sputtering 
method (610 degrees C of temperature conditions), and the PZT thin filrji 17 of 200nm of thickness is formed. 
[004 7]'; As mentioned above, in this example, the PZT thin film 17 is divided into the process of two times, and is formed 
(with option). After forming the PZT thin film excellent in the stacking tendency which inherited the stacking tendency of a 
platinum thin film with the first sol-gel method as the first film, the sputtering method is used, a PZT crystal is grown up 
as the|second film, and thickness of the PZT thin film 17 is set to 200nm. 

[0048]^In addition, next, after making the platinum thin film 19 deposit on the PZT thin film 17 upper surface by the 
sputtering method, the crystalline titanium thin film 8, the platinum thin film 11, the PZT thin film 17, and the platinum thin 
film 19 are fabricated by using a resist as a mask and ***+******ing. next the platinum thin film 19 — a mask — carrying 
out — an arsenic or Lynn — an ion implantation — and thermal diffusion is carried out and n+ type drain layer 21 and n+ 
type source layer 23 are formed A memory cell is formed as mentioned above. 



[Translation done.] 



* NOTICES * 

i i 

■! •! 
Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

J J 
LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which cantnot be translated. i 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS ; 
[Brief Description of the Drawings] 

[Drawing 1] It is a manufacturing process view for the manufacture method of the crystalline thin film by one example of 
this invention being shown. 

[Drawing 2] It is a manufacturing process view for the manufacture method of the crystalline thin film by one example of 
this invention being shown. 

[Drawing 3] It is a manufacturing process view for the crystalline thin film by one example of this invention being shown. 

[Drawing 4] It is a manufacturing process view for the conventional crystalline thin film being shown. 

[Drawing 5] It is a manufacturing process view for the conventional crystalline thin film being shown. 

[Drawing 6] It is a manufacturing process view for the conventional crystalline thin film being shown. 

[Description of Notations] 

7 ... Titanium crystalline 

9 ... Titanium crystallinity thin film 

3 ... Titanium crystallinity thin film 

11 ... Platinum thin film 

13... PZT thin film 

15 ... PZT thin film 

17 ... PZT thin film 

[Translation done.] 



